Sialyllactose (SL) is a representative human milk oligosaccharide (HMO) of human breast 24 milk. The roles of SL in infant brain development and immunity have been reported in previous 25 studies. In this study, we identified the impact of SL on innate immunity. Our results showed that 26 the administration of SL had significant efficacy on bacterial clearance in Pseudomonas 27 aeruginosa K-infected mice. We also examined the role of SL in the human THP-1 macrophage-28 like cell line. SL effectively promoted receptor-mediated endocytosis and phagocytosis. 29 Furthermore, SL accelerated the recruitment of Rac1 to the cell membrane, leading to the 30 generation of reactive oxygen species for the elimination of phagocytosed bacteria. Our findings 31 provide a new perspective on the role of SL in breast milk and suggest its potential application as 32 a therapeutic agent to treat bacterial and viral infections. 33 34 35 36 37 38 39 40 41 42 43 44 45 46
Introduction
the secretion of CXCL8 in a dose-dependent manner (Fig. 4B ). CXCL8 expression is known to be 137 controlled by NF-κB. IκB degradation, which leads to NF-κB activation, can be detected by 138 western blotting analysis. Increased IκB degradation after SL addition was detected at 20 min (Fig. 139 4C). Addition of the NF-κB inhibitor, BAY11-7082, completely abolished the increased CXCL8 140 expression in response to PAK infection and the effect by SL which was verified by previous 141 results ( Fig. 4D ). We also examined the CXCL8 secretion in order to determine if SL alone was 142 effective (Fig. 4E ). Both α2, 3-and α2, 6-SL did not show any increase effect of the cytokine 143 expression only with the SL alone treatment. identify the role of SL in accelerated endocytosis, we studied the role of SL in these endosome-150 dependent signals (Fig. 5A ). In cells transfected with siRNAs of the endocytosis-related protein 151 clathrin, the acceleration of IκB degradation induced by SL disappeared (Fig. 5B ). The increase in 152 CXCL8 expression induced by SL was also not evident. In MyD88 siRNA-transfected cells,
153
CXCL8 secretion was slightly decreased, but the effect by SL was still visible (Fig. 5C ).
154
Meanwhile, in TRIF siRNA-transfected cells, CXCL8 secretion was also slightly decreased, but 155 SL treatment had no further effect, indicating that the effects elicited by SL are dependent on TRIF 156 ( Fig. 5C ). In Figure 2C , TLR4 was internalized by LPS after 60 min; TLR4 returned to the surface 157 by 240 min. LPS/TLR4 internalization and return to the membrane occurred at 30 and 120 min, 158 respectively, in SL-treated cells. TRIF was also similarly detected in cytosolic fractions ( Fig. 5D ). Downstream signaling by activated TLR4 can occur via two distinct pathways: MyD88-166 and TRIF-dependent signaling pathways (28, 29) . MyD88 is an adapter protein that activates NF-167 κB in response to almost all TLRs (30, 31) . TRIF is another adapter that responds to TLRs and 168 induces the production of interferon beta via the activation of interferon regulatory factor 3 (32).
169
TRIF-mediated signaling occurs at the endosomal membrane after the internalization of TLRs (27).
170
It has been reported that TRIF-dependent signaling plays an important role in LPS-induced 171 macrophage activation (33). We found that SL depends on TRIF signaling in PAK-induced 172 macrophage activation, which supports to this assertion. Many studies insist that NF-κB activity 173 is due mainly to MyD88-dependent signaling (34, 35), but our findings show that NF-κB is also 174 activated by TRIF signaling, which significantly enhances the expression of CXCL8. The secretion 175 of CXCL8, which was increased by the treatment of SL, would invoke the recruitment of other 176 phagocytes, like neutrophils, to provide additional support for bacterial clearance.
177
Sialic acid can bind to the bacterial surface and also to the host cell membranes (7) . Many 178 studies suggest that competition for these binding sites prevents bacterial infection when explain 179 the effects of sialic acid (36, 37) . However, if it is merely the role of sialic acid that the bacteria 180 could not attach to host cells, the bacteria that are not eliminated will continue to multiply and this 181 will be a problem for the immune system. Our results showed that the SL treatment significantly 182 9 increased the bacterial clearance and promoted the phagocytosis of macrophages. This suggests 183 that SL, which can bind both to bacteria and host cells, may have helped macrophages capture the 184 bacteria. Some studies have reported that SL rather supports the adherence of bacteria (38), and 185 that the presence of sialic acid binding receptors in macrophages kills the bacteria by promoting 186 phagocytosis (39). This could be an important clue that not only does SL contained in breast milk 187 play a role in preventing bacterial infection, but also helps to effectively remove the bacteria in the and inhibit immune cell activation (44, 45) . Siglecs are also known to be involved in bacterial 205 clearance, recognizing and binding the sialic acid on bacterial surfaces or to specific receptors and 206 then removing the pathogens (46, 47) . We thought the internalization of TLRs would be affected 207 by the interaction between the receptor and siglecs. To determine whether PAK-induced receptor 208 internalization was promoted in siglec-silenced cells, we attempted to knock down siglecs using 209 siRNAs (Data were not shown) for siglec 5, 7, and 9, which are expressed in macrophages and 210 recognize SL (48-50). The results showed that the amount of internalized PAK was enhanced in 211 all siglec-silenced cells. In addition, intracellular ROS generation, IκB degradation and CXCL8 212 expression were also enhanced in siglec-silenced cells. Our results somewhat differ from those of 213 other studies (42, 43) but suggest another role for siglecs.
214
At present, there are few studies using free state of SL. However, there is a large amount 215 of free HMOs in breast milk, suggesting the need to investigate the effects of free SL. In this regard, 
Measurement of phagocytosed bacteria in THP-1 cells 264
To remove the bacteria that were not phagocytosed by macrophages, THP-1 cells were 265 treated with 2 mg/mL gentamycin for 30 min and washed three times in ice-cold PBS. The cells 266 were then harvested, lysed in a 0.25% sodium dodecyl sulfate (SDS) solution, and serially diluted 267 13 to 1:1,000-1:10,000 with PBS. Each sample was then plated on LB agar and incubated at 37°C 268 overnight. The number of bacteria phagocytosed into THP-1 cells was determined by counting the 269 colonies formed on the plate. 
